Abstract: A trypanocidal efficacy study of Moringa oleifera leaf supplement alone and in combination with diminazene aceturate on Wistar rats was conducted using Trypanosoma brucei. Thirty five rats were randomly allotted into seven groups (A-G) with include five rats each. Groups B and C were treated with methanolic extract of M. oleifera leaves at 200mg/kg for 14 days prior to infection. The E and F were treated with M. oleifera for 90 days at 200mg/kg prior to infection. Group A and G are negative and positive controls, respectively. All rats in groups, B -G were individually infected with 3x10 6 of Trypanosoma brucei per ml of blood and the prepatent period was monitored from the second day. At day five post infection, infected rats in group C, D and F were treated with diminazene aceturate at 7mg/kg while those in group B and E treated with M. oleifera leaf extract. Parasites were cleared within 72 hours post treatment from blood of rats in groups C and F which were treated with both M. aoleifera and diminazine aceturate. However, it took 96 hours post treatment for parasites to be cleared from rats in group D which was treated only with diminazene aceturate. There were significant (P<0.05) increase in the erythrocyte count, haematocrit and mean corpuscular volume (MCV) in M. oleifera treated groups. Mean Corpuscular Haemoglobin (MCH) and Mean Corpuscular Haemoglobin Concentration (MCHC) decreased significantly (P<0.05) in groups E, F and G. There was neutropenia in groups E, F and G when compared with the negative control, while other leucocytes manifested leukocytosis. Serum chemistry showed that all groups had significantly increased (P<0.05) globulin, blood urea nitrogen (BUN) and liver enzymes when compared with the negative control group "A". Histopathological findings showed that congestion in the spleen and lymph nodes were reduced in the treated groups when compared to the untreated groups. Conclusively, our study gives credence that M. oleifera does not possess trypanocidal effect but however could be coadministered as a supportive.
INTRODUCTION
African trypanosomosisis a major factor that has devastated the livestock industry in about 10 million km 2 in theSouthern part of the equator of tropical Africa where trypanosomosis is an endemic, which left the health of most affected societies precarious and economically improvised (Griffin and Allanby, 1999) .
Animal African Trypanosomosis is caused by different species of trypanosomes; Trypanosoma evansi, T. brucei, T. congolense and T. simiae. The disease hinders livestock production in many parts of Africa (Freiburghaus et al., 1998) . Resistance of the disease to the limited available trypanocides in the fields, clinic and other places are on the rise (Shaba et al., 2006) . Trypanosoma congolense, T. vivax and T. brucei are among the commonest pathogenic tsetse transmitted trypanosome species which are the causative agents to the animal trypanosomosis in tropical regions of Africa, where the vector is prevalent (Nantulya, 1990 ).
The disease is one of the major haemoparasitic diseases in Sub-Saharan Africa in domestic animals which isc haracterized by severe anaemia, weight loss, reduced productivity, infertility and abortion, even death occurring in some animals during the acute phase of the disease (Adeyemi et al., 2012) . Chemotherapy and chemoprophylaxis still remain the main methods of controlling trypanosomosis (Dolan et al., 1996) . These control measures are still the most reliable in spite of drug resistivity and toxicity (Reiter et al., Ceylon Journal of Science 46(4) 2017: 43-53 DOI: http://doi.org/10.4038/cjs.v46i4.7467 
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2011) since the development of an effective vaccine against the disease has been unsuccessful due to variant antigenic property of the parasites (Kinabo and Bogan, 1998) . Diminazene aceturate however, is one of the few drugs available for both treatment and prophylaxis of African trypanosomosis in livestock especially in cattle infected with T. congolense, T. vivax and T. brucei (Eghianruwa et al., 2004) .
Conventional chemotherapeutic treatment of trypanosomosis is no longer befitting as a result of side effects associated with the drugs and the development of many resistance trypanosome in many part of the world. Research now focuses on finding new compounds for treating trypanosome infection (Kibona et al., 2002. Due to the aforementioned reasons and implications this study is aimed at assessing the effect of M. oleifera on the efficacy of a conventional trypanocidediminazene aceturate.
MATERIALS AND METHODS

Drug
Diminazeneaceturate(Kepro ® Veterinary Company, Holland) at 7mg/kg was used, and was administered in the quadriceps using 23 gauge syringe and needle.
Plant Authentication and Preparation
The leaves of M. oleifera were procured at Ajibode, Akinyele Local Government area of Oyo State, located in the South Western part of Nigeria, which is about 2 Km from the University of Ibadan, Ibadan, Nigeria. It was taxonomically identified and authenticated in the herbarium of the Department of the Forest Research Institute of Nigeria (FRIN), with voucher number UIH-10847. The leaves of M.oleifera were washed thoroughly, dried in shade and pulverized to powder. The methalonic extraction was done at the Department of Pharmaceutical Chemistry, Faculty of Pharmaceutical Science, University of Ibadan using the method of Adeyemi (2000) . The concentration of the extract in the final preparation was 7.5 % of the stock solution, and it was diluted in soya oil as a vehicle. The percentage yield of the extract was also obtained using a formulae.
M. oleifera Phytochemical Screening
Phytochemical screening of methanol extract of M. oleifera leaves was done by qualitative chemical screening for identification of the various classes of the chemical constituents present, as previously described by Sofowora (2006) .
Ethics, Experimental Animals and Study Design
Ethical approval was sought from ACUREC, University of Ibadan, Nigeria with approval code number, UI-ACUREC/APP/2016/011. Thirty five adult male and female Wistar rats between the ages of 8-12 weeks, weighing 90-105g were used for this study. The rats were housed in the animal house of the Department of Veterinary Physiology, Biochemistry and Pharmacology, University of Ibadan, Nigeria. The animals were kept in cages under normal environmental temperature (20) (21) (22) o C) and fed with standard pelleted feed (Livestock ® Lagos, Nigeria) and water given ad libitum. The rats were allowed to acclimatize to the laboratory environment for two weeks before the experiment commenced. Rats were grouped into seven with five rats each and the extracts were administered orally using an oral cannula.
The experimental dosages were as follows: Group A (n = 5 rats): Control and the rats were uninfected and untreated. Group B: Dosed prophylactically with M. oleifera at 200 mg/kg daily for 14 days before infection and M. oleifera was used for treatment post infection. Group C: Dosed prophylactically with M. oleifera orally at 200 mg/kgdaily for 14 days before infection and treated with diminazene aceturateat 7mg/kg post infection. Group D: Infected rats and treated with only diminazene aceturate at 7 mg/kg. Group E: Dosed prophylactically with M.oleifera by oral route at 200 mg/kg for 90 days and M.oleifera was used for treatment post infection. Group F: Dosed prophylactically with M.oleifera at 200 mg/kg daily for 90 days and treated with diminazene aceturate at 7 mg/kg post infection. Group G: Infected and untreated rats (positive control).
Trypanosoma Stock and Inoculation
Trypanosoma brucei was used in this study and was procured from Nigeria Institute for Trypanosomiasis and Onchocerciasis Research Institute, Vom, Plateau state, Nigeria.The dose of inoculum was estimated to be 3 × 10 6 of Trypanosoma brucei per ml of blood using the "Rapid Matching method"described by Herbert and Lumsden (1976) . The parasites were maintained by serial passage in rats. To infect the rat, 1 ml of blood was collected from heavily infected rat and then mixed with 2 ml of normal saline. The mixture was viewed under microscope at × 40 magnification.The blood containing the parasites was then injected into rats intraperitoneally
Parasitaemia Assessment and Prepatent Period
The presence of parasites in the blood of the infected rats was monitored from the second day post inoculation. Estimation of parasitaemia was conducted using the method of Herbert and Lumsden (1976) . A number of fields (10-15) of each drop blood or incubated media, were counted for parasites in triplicate, using glass slides under inverted microscope (× 400). An average mean trypanosome count was taken as number of trypanosomes per field.
Blood Collection and Analyses
Blood samples were collected from the median canthus of the eye through the ocular vein by insertion of heparinzed capillary tube. 2-3ml of blood was collected into EDTA sample bottles. Blood sample was analyzed using the method of Schalm et al.,(1975) The Serum chemistry analyses were carried out using commercial test kits Biorex ® (Diagnostic Limited, United Kingdom) total protein, alanine aminotransferase (ALT), aspertate aminotransferase (ASP), alkaline phosphatase (ALP), creatinine, albumin, globulin and total Bilirubin.
Histopathological procedures
After harvesting the brain, spleen and lymph node from the rats, the organs were promptly and adequately treated with 10% formaldehyde (fixation) in order to preserve its structure and molecular composition. After fixation, the piece of organ was dehydrated by bathing it successively in graded mixture of ethanol and water (70 -100%). The ethanol was then replaced with a solvent miscible with the embedding medium. As the tissues were infiltrated with xylene, it became transparent (clearing). The impregnated tissue by xylene was placed in melted paraffin in an oven, maintained at 58 -60 o C (embedding). The heat caused the solvent to evaporate and the spaces within the tissues became filled with paraffin. The tissue together with its impregnating paraffin hardened after removal from the oven. The sections (5 μm) were then floated on water and transferred to a glass slide, and stained with haematoxylin and eosin stains. The slides were viewed under light microscope with a magnification of × 100.
Data analysis
All data generated were expressed as mean ± SEM. The differences between the groups were analyzed by one-way analysis of variance (ANOVA) followed by Dunnet's post-hoc multiple comparison test using Graphpad Prism 5.03 statistical package, San Diego, Califonia, U.S.A (www.Graphpad.Com).
P value considered was (P≤ 0.05).
RESULTS
The percentage yield of the extract was 75% W/W, and colour was dark to black. It was soluble in vegetable oil.
Phytochemical
Phytochemical analysis of methanolic extract of M. oleifera revealed the presence of flavonoid, tannin, saponin, steroid, phenol carbohydrate and glycoside as shown in Table 1 . 
Parasitaemia
The parasites were detectable in the blood of infected rats in group D and G after 48 hours following inoculation of T. brucei. Parasites were detectable by 72 hours post infection (pi) in groups B, C, E and F that received daily doses M. oleifera. The level of parasitaemia persistently increased in all groups and reached (25 x10 8 trypanosomes/ml of blood) by day 5 before treatment with diminazene aceturate.
Parasites were cleared within 72 hours post treatment (pt) from blood samples of rats in groups C and F those treated with both M. oleifera and diminazine aceturate. However, it took 96 hours pt for parasites to be cleared from rats in group D which was treated only with diminazene aceturate. Parasitaemia persistently increased in group G that was not treated and reached 8.7 x10 8 trypanosomes/ml of blood by day 13 and all the rats in the group were dead by day 14 post infection. Similarly, parasitaemia in groups B and E, those were treated with M. oleifera extract only, reached antilog of 8.7 x10 8 /ml of blood by day 15 and the rats died by day 17 as seen in figure 1.
Effects of Infection and Treatment on the Haematology
The decrease in number of red blood cell induced by T. brucei infection responded favourably to treatment with diminazene aceturate alone or in combination with M. oleifera leaves. The result presented in table 2 showed that RBC of rats in groups B, C, D, E and F were non-significant (P>0.05) when compared with the control. The rats in group G (infected and untreated) remain significantly lower (P<0.05) when compared with the control as observed in table 1.
The decrease in haemoglobin concentration induced by T. brucei infection responded favourably to treatment with diminazine alone and in combination with M. oleifera extract. The haemoglobin concentration of rats in groups E and G were significantly lower (P<0.05) when compared with the control as stated in table 1.
The differential white blood cell counts; Lymphocytes, Monocytes, Eosinophils and Basophils were non-significant (P>0.05) in all groups when compared with the control. The Neutrophils of rats in groups E, F and G were significantly lower (P<0.05) when compared with the control as seen in table 1. Table 3 shows the serum chemistry of rats infected with T. brucei and treated with diminazene aceturate alone and in combination with M. oleifera extract. All rats treated either with diminazene aceturate alone or in combination with M. oleifera were nonsignificant to total protein (P>0.05). Rats in groups D and G were significant to albumin (P<0.05) when compared with the control as stated in table 2. Rats in all the groups showed no significant in globulin, AST, ALT, ALP and BUN (P>0.05) in comparison to the control as observed in table 2.
Effects of Infection and Treatment on Serum chemistry
Creatinine and total billirubin were significant (P<0.05) in group G which are infected and untreated when compare with the negative control as seen in table 2. 
Histopathology
Effects of T. brucei infection on the brain of rats a b
Figure 2a Photomicrograph of brain in uninfected and untreated rats (H&E) the neurons (arrow) and neutrophil (star) appear normal and show no visible lesion (NVL); 2b. Photomicrograph of brain in rats treated with M.O alone for 14 days (H&E) the neurons (arrow) and neutrophil (star) appear normal and show no visible lesion (NVL).
Effects of T. brucei infection on the spleen of rats
Effects of T. brucei infection on the lymph node of rats
DISCUSSION
The qualitative phytochemical screening of the methanolic extract of M. oleifera leaves use in this study indicated the presence of tannins, alkaloids, flavonoids, saponins and glycosides. This is in agree with previous work described by other workers (Tijjan et al., 2009 , Bannetti et al., (2003 .
This study showed that methanolic extract of M. oleifera leaves does not possess trypanocidal activities against T. brucei infected rats. The result of this study is in contrast to the work of Atawodi et al., (2005) that concluded that different parts of M. oleifera possess antitrypanocidal effect against different species of trypanosome such as T. brucei and T.
congolensis. Though M. oleifera supplement decreased the parasitaema level and increased the survival period of the rats for extra 2 days when compared with group G that was not supplemented with M. oleifera. The ameliorative effects of M. oleifera extract was apparently due to early clearance of the parasites in the extract treated groups (C and F) compared to the group D that were only treated with diminazene aceturate. The result of this study also showed that there was no difference in the ameliorative effect between acute and chronic administration of M. oleifera seen in group C and F considering the pattern of recovery and clearance of the parasites. The study also observed the mortality in groups B and E, those treated with M. oleifera alone, occurred at the same day. This observation further confirmed the fact that M. oleifera lacks trypanocidal activities.
The outcome of this study showed that M. oleifera supplement improved the haematological parameters of rats infected with T. brucei. It has been reported that anaemia in trypanosomosis is caused by a combination of factors which includes haemolysis of erythrocytes, haemodilution and erythrophagocytosis by the trypanosomes (Mackenzie, 1990) . Trypanosome brucei cause anaemia through disruption of erythrocytes membrane integrity (Huan et al., 2000) . Erythrocytic peroxidation has also been reported to be one of the factors which play an important role in the pathogenesis of anaemia in mice infected with T. brucei (Igbokwe et al., 1994) .
The Pcv, Rbc, Hb, Mcv, Mch and Mchc were greatly improved in all groups treated with M. olefera extract when compared with the rats in group G (infected and untreated) which were significantly lower (P<0.05) as seen in table 1. This result is similar to the result of Ueno et al., (2000) and Weber (2009) . However, the differential WBC showed lymphocytopenia, neutrophilia and monocytopenia which were evident especially in groups that were not supplemented with M. oleifera. (Table 1) The results of this study indicated nonsignificant (P>0.05) alterations in several biochemical parameters in the T. brucei-infected rats as stated in table 2. The results indicated that there was hypoprotenaemia in the groups that were not treated with M. oleifera extract (group A and G). This implies that M. olefera extract prevent hypoproteanema in infected rats as observed in previous work reported by Atawodi et al. (2005) . Hepatocellular damage caused by trypanosome was monitored by serum activities of ALT and AST (Umar et al., 2000) which had leaked from hepatic tissues (Zilva and Pannall. 1990 ). The result of enzyme assays showed elevation of both ALP and AST in all the groups of infected rats seen in table 2. The elevaton of these enzymes is in consonance with earlier reports by Gray (1986) and Adah et al., (1997) . This has been reported to due to inflammation and necrosis in the infected host particularly in organs like liver, kidney muscle and even heart (Losos and Ikede, 1972) . This is possible due to the ability of T. brucei to invade soft tissue especially the liver, kidney and heart thereby localizing and causing tissue damage which subsequently leads to the release of these enzymes from damaged tissue (Igbokwe et al., 1994) .
The renal damage caused by the trypanosome infection was reflected by an increase in serum concentrations of urea and creatnine. This has also been observed by Umar et al.( 2010) . In this study, blood urea nitrogen, creatinine and total belirubin decrease across all the groups infected with T. brucei with marked decrease in group G which were untreated or unsupplemented; significantly lower (P<0.05). This was in line with the work by Adejinmi and Akinbolade (2000) where they observed lower serum biochemical changes in West African dwarf goats infected with T. brucei.
Splenomegaly was a prominent feature of infection with both T. brucei and T. congolensis. This observation has also been reported by others (Kaikabo and Salako, 2006 ) associated splenomegaly with acute or parasitemic phase of trypanosome infection and attributed its cause to red blood cell sequestration and expanded macrophage population. The hyperplasia of germinal center and proliferation of macrophages and plasma cells were observed in the present study (Figure 2d ) in support with the findings of other workers. Clyton et al., (1992) reported an increase in spleenic macrophages and the profound effects of trypanosomes on mature splenic lymphocytes. The presence of trypanosomes has been demonstrated to stimulate and cause proliferation of splenic B-lymphocytes (Malik et al., 2008) .
Some of the proliferating B-cells differentiate and secretes large amount of immunoglobulins (ILRAD, 2008) of diverse specificity (Hunter et al., 1991) . The proliferation of immune competent splenic cells may be responsible for prominent increase in size following infection with T. brucei. Treatment using diminazene aceturate with or without M. oleifera gave variable results in related to the responses of the spleen to treatments. Diminazene aceturate in combination with M. oleifera were more in reducing spleen weight than diminazene treatment alone in T. brucei infection. However, it is difficult to compare this observation with those of other workers as result of the dearth of data on M. oleifera supplementation following trypanocide treatment in trypanosomosis. Thus report of Kaikabo and Salako, (2006) showed that the spleen of vitamin E supplemented rats had less lesions. The photomicrograph of spleen in this study showed marked congestion of the splenic sinuses and sinusoids suggesting marked splenic depletion as seen in figure 2d . This is as a result of erythrocytes destruction by the trypanosome organisms which is in line with the report of Hausteen et al. (2009) that showed the pathogenesis of anaemia in T. congolensis infected mice.
The histopathology of this study revealed that the brain of the rats that were infected and untreated had multiple neuronal degeneration that leads to congestion of the cerebral blood vessels. Trypanosome parasites penetrate the brain leading to vascular degeneration. This is in consistent with the previous work of Diwao and Roy (2000) which confirm the brain invasion of trypanosome parasites in dogs. The brain of the groups dosed with M. oleifera extract had lower neuronal degeneration and the neuron appears normal with no visible lesion as observed in rats that are in group B,C, E and F (Figure 2b ) when compared with the positive control
The histopathology result of this study showed that methanolic extract of M. oleifera leaves is a potent ameliorative agent that reduces neuronal degeneration in the brain of rats infected with T. brucei.
The congestion in the spleen and lymph nodes were considerably reduced when compared with the positive control group. This result is in line with the findings of Shetty and Naryana (2007) that compare the histopathology in rats infected with T. brucei and T. congolensis.
CONCLUSION
The results obtained from this present study showed that M. oleifera does not possess antitrypanosomal activities but can be used as an ameliorative supplement to reduce the level of parasitaemic pattern and prompt clearance of the parasites when combined with potent conventional trypanocides such as diminazene aceturate.
The study also showed that M. oleifera supplement reduce tissue and organ damage caused during trypanosomal infection and this probably occurs as result of the potent antioxidant effect of the extract as reported in previous work by Jaquelin et al. (2015) when the antioxidant effect of M. oleifera was established during oxidative stability of fish subjected to accelerated storage.
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